been at the expense of a wider investigation of the development of food production strategies. Recently, as evidence from the Yangzi Valley has shifted the focus on rice origins to China, investigations of food production in mainland Southeast Asia have been further marginalized. Current arguments for the sudden appearance of rice agriculturalists in Southeast Asia in the late mid-Holocene neglect the longer-term development of local economies (Higham 1995 (Higham , 1996 Higham and Lu 1998) .
However, a growing body of evidence indicates that strategies for producing food in tropical forests were developed in Island Southeast Asia by the early Holocene if not before (Groube 1989; Haberle 1993; Latinis 2000) . While alternative arboreal food production strategies have been investigated in Island Southeast Asia, it is argued here that early Holocene groups in Peninsular Thailand participated in a similar range of forest management strategies. Forest clearings appear to have been created and maintained in response to expanding lowland forests (and the closing of the forest canopy) in the early Holocene. The environmental data discussed reveal a continuous pattern of changing land-use strategies in contrast to apparent cultural gaps in the sequences from contemporary archaeological sites on the Malay Peninsula (Bellwood 1997) .1 subsistence in the tropical forest: the headland and bailey debate
In the 1980s, hunting and gathering in tropical forests became an increasingly contentious issue among anthropologists (Bailey et al. 1989; Headland 1986 Headland , 1987 Headland and Reid 1989) . Counter to previous ideas that hunter-gatherers had long occupied most regions including tropical rainforests, Headland and Bailey (1991) suggested that hunting and gathering in tropical forests was dependent on the prior development of agriculture in adjacent areas. Their argument was based on a generalization that subsistence resources in tropical forests are too few to allow sustained hunting and gathering. Only through trade or cultivation could hunter-gatherers occupy tropical rainforests in the past or even today. This stimulated the debate on hunter-gatherer strategies and their time depth, with ethnographers, ethnoarchaeologists, and archaeologists searching for substantive evidence of pre-agricultural hunter-gatherers in tropical rainforests.
In numerous and wide-ranging counters to Headland's and Bailey's arguments (e.g., Endicott and Bellwood 1991; Brosius 1991; Dwyer and Minnegal 1991; Moran 1991; Stearman 1991) several major themes have emerged. First, critics argue that there is no typical ''tropical rainforest,'' nor any ''pristine'' forest conditions to which hunter-gatherers first adapted. Tropical rainforests are highly variable both spatially and temporally. Second, this variability in resources, diversity, topography, extent of seasonality, and fauna shapes a wide range of subsistence strategies. Third, ethnographic and ethnohistoric examples of (potentially) independent hunter-gatherer rainforest subsistence regimes are common. Cumulatively, the responses of the 1990s produced a general consensus that, at least in some tropical rainforests in Africa, Asia, and the Pacific, hunter-gatherers lived long before the advent of agriculture. It is surprising that few of these critiques made use of archaeological or palaeoenvironmental evidence (e.g., Stearman 1991; Dwyer and Minnegal 1991;  however, see Endicott and Bellwood 1991) .
alternative models from island southeast asia
Since the development of this argument in the late 1980s and early 1990s, an increase in palaeoenvironmental and archaeological evidence from the lowland tropics (below 1000 m) allows us to revisit key aspects of the debate. Building on previous work (e.g., Golson 1989; Gosden 1995; Groube 1989) , Latinis (2000) argues that the colonization of inland lowland Pacific rainforests led to the development of arboreal-based subsistence economies in the late Pleistocene (including movement of forest taxa [translocation] and arboriculture; Flannery and White 1991; Yen 1998) . Latinis defines arboreal-based subsistence as involving a high degree of environmental management, long-term planning, and multicropping. While tree species are often the focus, nonarboreal taxa are also extensively used and cultivated. Because of the much longer growth cycles of trees, people manage the landscape over much longer periods.
Highland tropical palaeoenvironmental data provide an interesting counterpoint to this lowland model. In general terms, palaeoecologists working in Malesia have been attuned to early evidence of disturbance and burning, however, there is little discussion of changes in vegetation that might reflect early arboriculture (e.g., Flenley 1985 Flenley , 1988 Maloney 1980, 1985, and others) . Beginning with Highland New Guinea in the 1970s (e.g., Golson 1977 Golson , 1989 Hope 1982) , and more recently with studies by Haberle in Irian Jaya (Haberle et al. 1991; Haberle 1993 Haberle , 1994 , pollen and charcoal data reveal a distinctive pattern of forest disturbance in the late Pleistocene and Holocene. Both Maloney and Flenley's work in Sumatra also indicated human forest use in highland regions (greater than 950 m above sea level) from the beginning of the Holocene (Flenley 1985 (Flenley , 1988 Maloney 1980) . These data are commonly interpreted as forest clearance, through burning and swidden, rather than the cultivation of tree and forest taxa (Golson kealhofer . land use and forests of southern thailand 1977; Haberle et al. 1991) . Arboriculture-type adaptations, Haberle and coworkers suggest (1991 : 38) , only begin in the highlands in the last two millennia.
previous archaeological interpretations
Southeast Asian archaeologists studying the development of food production have restricted their attention to aspects of plant domestication (origins issues) and the spread of agroecosystems (e.g., Bellwood 1997; Higham 1995 Higham , 1996 Higham and Lu 1998) . Arboreal economies are rarely discussed for Mainland Southeast Asia, the general view being that only rice agriculture is significant in the development of complex societies. The conventional archaeological perspective is that agriculture was introduced to the region c. 5000-4000 b.p. by expanding agriculturalists from the central Yangzi region of China (Bellwood 1992 (Bellwood , 1997 Higham 1995; Higham and Lu 1998) . For the Malay Peninsula, archaeologists have also argued that there is a chronological and cultural gap between earlier late PleistoceneHolocene Hoabinhian hunter-gatherers and later Holocene agriculturalists (discussed below; Bellwood 1997; Endicott and Bellwood 1991) , although, from the paucity of data, the extent to which the gap is in the data or in prehistoric occupations is unclear. Did hunter-gatherers leave the tropics as the humid forest developed (as Headland and Bailey might suggest)? Have we simply not identified mid-Holocene hunter-gatherer sites? Or, were there groups in the forest practicing a di¤erent set of food-production strategies?
defining the problem If we want to assess the subsistence economy of groups in the tropics (of Peninsular Thailand) during the Holocene, several key ecological processes must be understood: (1) the timing and nature of the formation of the Holocene lowland rainforest, (2) the ecological signature of arboreal-based economies, and (3) the development of agroecosystems.
Vegetation sequences from pollen and phytoliths provide evidence for the first of these processes. Identifying arboreal-based economies, the second process, from environmental data is extremely di‰cult (see discussion in Latinis 2000; Courty et al. 1989) , and relies upon evidence for often subtle changes in species distributions, increases in burning (in some cases), and patterns of disturbance. While still problematic, because they are as yet rare, the increasing number of microfossil sequences from both the Americas and the Old World suggest that early Holocene forest modification is widely visible (e.g., Haberle 1993 Haberle , 1994 Haberle et al. 1991; Hope 1977; Hope and Golson 1995; Hope and Tulip 1994; Kealhofer 2002; Piperno and Pearsall 1998) .
The third process, the development of agroecosystems, is one of the most easily identifiable in sediment sequences. Agroecosystems, by definition, are created by land-use practices including clearing, burning, and species replacement, and often cause a decrease in endemic species' abundance (Butzer 1996; Worster 1990) .
Environmental data provide the means to study the wider, ecological context for long-term changes in hunter-gatherer economy and land use, and more specifically provide an independent means to assess the site-based proposition of a chronological gap in the occupation of lowland forests on the Malay Peninsula. asian perspectives . 42 (1) . spring 2003
Lowland tropical rainforests undoubtedly existed during Pleistocene interglacials, but to date there is little direct evidence of these forests in Mainland Southeast Asia, or of the hunters and gatherers that occupied them (cf. Anderson 1990 for one possible exception). The Holocene expansion of the tropical forest, therefore, is the first opportunity, given current evidence, to realistically assess subsistence economies in this region.
the archaeology and its interpretation
Hunting and gathering adaptations have long existed in Southeast Asia. The presence of early hominids in Island Southeast Asia indicates that the earliest hunting and gathering in the region of the Malay Peninsula (Sunda) must date to at least c. 1 million years ago. However, the first direct evidence of human presence on the peninsula comes from Lang Rongrien rockshelter, dating to c. 38,000 b.p., with subsequent intermittent hunter-gatherer occupations throughout the late Pleistocene (Anderson 1990) . In the early Holocene use of the Lang Rongrien rockshelter increased, either as an occupation or campsite. Along with this increase was a dramatic technological change from the earlier flake industries to a heavier core tool industry (Anderson 1990) .
Much of the discussion of archaeological research on the Malay Peninsula has focused on explaining the modern distribution of ethnic groups (Bellwood 1997) . Currently the Malay Peninsula is an area of great cultural diversity. Several major cultural-linguistic groups exist in the region: Semang (hunter-gatherers), Senoi (agriculturalists), Malay (Muslim, urban), and Thai (most recent immigrants). Even among Semang hunter-gatherers, subsistence behaviors seem to vary significantly (e.g., Endicott and Bellwood 1991; Rambo 1985) . In explaining how this cultural diversity developed, Bellwood (1997) , using both archaeological data and linguistic models, proposes a series of population expansions beginning in the Pleistocene and continuing into the last millennia.
Bellwood (1997) proposes that Hoabinhian hunter-gatherers would have expanded into the Malay Peninsula in the late Pleistocene-early Holocene, the period in which tropical rainforests were also expanding. Endicott and Bellwood (1991) further argue that these hunter-gatherers occupied inland tropical rainforests and were present in the tropical forest long before the advent of agriculture. Bellwood also postulated a gap (c. 4000-3000 b.p.) for the mid-Holocene (c. 6000-3000 b.p.)2 between these earlier hunter-gatherers and later agricultural expansion. While such a gap could be interpreted as a failure of their adaptation in the face of climax lowland tropical forests (cf. Headland and Reid 1989) , the paucity of supporting data for this scenario, and the rarity of radiocarbon dates, raise basic questions about the adequacy of the evidence. How did groups in the early Holocene make a living? Did hunter-gatherers in tropical Malaysian forests live independently of agriculturalists? Is the chronological and cultural gap real or a lacuna in the archaeological data? Is the distinction between agriculture and hunting and gathering as clear as Bellwood and others suggest (cf. Hutterer 1983) ? Answers to these questions are related to how the Hoabinhian is interpreted and whether it reflects hunter-gatherers or horticulturalists.
While the Hoabinhian is a problematic category, the earliest assemblages with Hoabinhian technology are c. 13,000 years old on the Malay Peninsula. No kealhofer . land use and forests of southern thailand Hoabinhian sites have been identified with occupation levels dating as early as the Last Glacial Maxima (LGM, 18,000 b.p.) (Bellwood 1997:160) . If the Hoabinhian is a Southeast Asian cultural development, its late occurrence in the Malay Peninsula may denote a population expansion into the area (Bellwood 1997:161) . Most Hoabinhian sites on the peninsula, like Lang Rongrien, date to the early to mid-Holocene (through 3000 b.p.). The best-known Malay sites are in inland caves, such as Gua Cha (Adi 1985; Sieveking 1954) . Several sites from the region of the study area (Khao Khanab Nam, Na Ching, and Tham Phi Huato) may date to 5000-6000 b.p.; these include pottery as well as ground stone axes and adzes. The subsistence base for these sites is unknown.
Following the Hoabinhian, Bellwood (1997 : 255) proposes a rapid Neolithic expansion or colonization of the peninsula after 4000 b.p. from Ban Kao agricultural communities directly to the north in central and western Thailand. Archaeologically, there is a shift in site usage; cave sites previously used as huntergatherer camp or occupation sites become burial sites during the ''Neolithic'' period. Based on evidence from these sites, he argues that there is a gap in inland Malay archaeological sites between Hoabinhian and ancestral Senoi-agricultural occupations (Bellwood 1997 : 165, 268) . Rapid Neolithic colonization is followed less than 1000 years later by a slower Austronesian expansion from the opposite direction: the islands to the east. Slightly later, during the period from 2500-1500 b.p., groups initiated revolutionary changes in material culture, including metalworking (bronze and iron) (Bellwood 1997 : 286-287; Sieveking 1956) . Evidence from Kuala Selinsing suggests a subsistence economy that was extremely diverse, with domesticated pigs, dogs, and chickens, as well as hunting, and a wide range of domesticated plants, including rice, coconut, gourds, bamboo, and Areca nut (Davison 1991; Nik Hassan Shuhaimi 1991) .
The discontinuities in the archaeological data over the course of the Holocene have thus been interpreted as the result of external influences, particularly migration, in the Malay Peninsula. While more intensive regional archaeological survey can undoubtedly provide one means to assess these hypotheses, environmental sequences that contribute evidence of human land use can also be used to assess changes in cultural subsistence practices and discontinuities in occupation.
previous environmental research in the region
While archaeological data are few, environmental data for the late Pleistocene and early Holocene of the Malay Peninsula are even fewer. Until the Thailand Paleoenvironmental Project (TPP) study, the limited palaeovegetational evidence available for the Malay Peninsula was all from the mid-Holocene and later (see Maloney 1992) . Only three dated pollen sequences exist for the region (less than 5000 years old): two from the east side of the peninsular divide (Allen 1988 (Allen -1989 Hastings 1983; Thanikaimoni 1983) , and one from Tasek Bera, in the southern Malay Peninsula (Morley 1981) . The focus of research has been on sealevel changes and mangrove dynamics (e.g., Hillen 1984; Tjia 1996) . The Tasek Bera sequence is one of the few to reveal a dry-land vegetation sequence, with a lowland evergreen forest (Dipterocarpaceae, Euphorbiaceae, Garcina spp., and Fagaceae species among others; Morley 1981) . Two other areas of the southern asian perspectives . 42 (1) . spring 2003 peninsula have been studied, but not dated (Haseldonckx 1977; Hillen 1984) . Further afield, several sequences have been studied from central Thailand; the best documented are the cores from around Khok Phanom Di (Kealhofer and Piperno 1996; Maloney 1991) .
Sea-level changes are more widely studied (Tjia 1996) . The maximum transgression, 6000-4800 b.p., was about 4 m higher than present. Relative sea levels have declined episodically since that time. None of these data, however, provides us with an accurate picture of late Pleistocene and early Holocene environments on the Malay Peninsula.
A general picture of regional environmental changes comes from sequences taken outside of the area (e.g., Jiang and Piperno 1999; Kealhofer and Penny 1998; Liu et al. 1992; Maxwell and Liu 1996; Maxwell 2001; Penny 2001; Prell et al. 1980; Ren 1984; Sun and Chen 1991; Verstappen 1975 Verstappen , 1980 Zhao and Piperno 2000; Zheng and Li 1999) . Pleistocene evidence from adjacent areas, such as the South China Sea (Chang 1984) , the Indian Ocean (Prell et al. 1980; Verstappen 1975 Verstappen , 1980 , Island Southeast Asia (Maloney 1992) , and southern China (Liu et al. 1992) , provides a general context for understanding local Pleistocene change. Overall the climate during the Last Glacial Maximum on the Malay Peninsula is thought to have been measurably cooler and drier than at present, with a more open savanna forest (see summary in Anderson 1990 : 73) . During the Pleistocene, most of the Sunda shelf, on which the peninsula rests, was dry land. This broad area was rapidly inundated with sea level rises in the early Holocene. The lower sea levels of the Last Glacial Maximum would have had a substantial e¤ect on climate, including wind and rainfall patterns. Rainfall from the northeastern monsoons, given the diminished source of seawater, would have been much less. This would have increased seasonality, particularly in rainfall, but also in temperature.
More recently, long-term sequences from inland Southeast Asian contexts support this general interpretation (although the timing of climatic change is still in question). The focus of this research, however, has been on the timing of the Holocene monsoon maxima (Hodell 1999; Maxwell and Liu 1996; Maxwell 2001) , the spatial patterning of the LGM and the nature of the Pleistocene-Holocene transition (Penny 2001; Steinke and Kienast 2001) . Discussion of human land use has been limited (Kealhofer 1997 (Kealhofer , 2002 Kealhofer and Penny 1998; Kealhofer and Piperno 1994, 1996) . What these sequences and more general discussions of Pacific-Asian climatic change reveal is that climate and environmental change is significantly variable, in particular when the Holocene monsoon maximum occurred, along with related changes in temperature and precipitation. This intraregional variability further emphasizes the importance of more systematic and intensive sampling of environmental data throughout Southeast Asia.
In summary, while coarse-grained sequences of climate and vegetation change exist for the subtropical portions of Mainland Southeast Asia and adjacent areas (and more detailed evidence from Island Southeast Asia), the Pleistocene and early Holocene climate and vegetation for the Malay Peninsula has not been studied. Given the regional variability in timing and content, these data are critical for interpreting both human adaptation to the changing landscape and the biogeography of the region. The TPP sampled sediments from one of the inland kealhofer . land use and forests of southern thailand lakes in the Thai portion of Malay Peninsula in order to provide a first look at the long-term environmental history of this region.
environmental context
The palaeoenvironmental evidence discussed here comes from a small lake, Nong Thalee Song Hong, in southern, peninsular Thailand (at 7 50 0 56 00 N, 99 28 0 48 00 E, north of Trang; Fig. 1 ). Sediment cores were taken from the deepest part of this shallow bilobate lake. Lake elevation is approximately 100 m, with adjacent hills ranging from 200-400 m. The lake is currently located inland from the coast and during the late Pleistocene was even further inland, as sea levels were locally at least 100 m, and possibly 120-150 m lower (cf. Anderson 1990; Chappell and Thom 1977; Tjia 1994 Tjia , 1996 Zheng and Li 1999) . While some of the Malay Peninsula is dominated by karstic formations, making it di‰cult to impossible to study microbotanical remains,3 the geology of the area is sedimentary and metamorphic. The soils derive from a variety of shales and sandstones rather than limestone, making palaeovegetation studies possible (Somboon pers. comm. 1996; Young 1976 ). asian perspectives . 42 (1) . spring 2003
The present climate in the region has mean annual temperatures ranging between 26 and 8 C and a mean annual relative humidity above 80 percent (Donner 1978) . Rain falls throughout the year, although a short dry season occurs between January and March. Most rain falls in summer, from the southwest monsoon. Trang, the nearest city, had a mean annual precipitation of 2178 mm from 1931 -1960 (Donner 1978 .
Today, rubber plantations introduced in 1901 have replaced much of the tropical forest of southern Thailand. Rice is the second largest crop in the province, in terms of area, followed by coconuts, maize, cassava, and peanuts. Perennial fruit trees are grown on upland soils, in gardens or in farmyards (oranges, rambutan, limes, and mangoes). Areca palms and Ceiba pentandra (kapok) trees are also common.
The natural vegetation of the area prior to commercial development likely included lowland tropical rainforest, dominated by Dipterocarpaceae species (Boulbet 1995; Donner 1978; Smitinand 1976 ). In the remaining forested areas, Lauraceae, Myrtaceae, and Annonaceae species are generally predominant in the lower canopy, and Acanthaceae and Rubiaceae are undergrowth shrubs. Palms, canes, and other monocotyledons are common, but bamboos other than climbing forms are rare. Ogawa and colleagues (1965) documented secondary forest in the region as including Myrtaceae, Apocynaceae, legumes (Millettia), and Sterculiaceae (Eugenia clarkeana, Alstonia spathulata, Padbruggea pubescens, Sterculia spp.). Euphorbiaceae are one of the most common tree families in lowland forest, with genera like Endospermum, Macaranga, Mallotus, and Sapium abundant to common in secondary growth forests (Maloney 1999; Whitmore 1973) .
methodology
As a first assessment of the viability and potential of lowland tropical lakes in southern Thailand for palaeoenvironmental study we analyzed one sequence from Lake Thalee Song Hong. Both pollen (Maloney 1999) and phytoliths were extracted from this core, although only phytoliths are preserved in the Pleistocene section of the sequence. Processing and analysis followed standardized techniques making use of regionally specific reference collections (Kealhofer and Piperno 1998) . Microfossil preservation from the early Holocene is exceptional, and concentrations of pollen, spores, phytoliths, and starch grains are high. Carbon isotope samples were also analyzed through the sequence as another measure of the nature of vegetation change. Dates for the sequence are presented in Table 1 . (Pearsall 2000; Piperno 1988) . Unlike pollen, phytoliths are produced in di¤erent parts of plants (not just the flower), and are most common in monocotyledons (grasses, palms, sedges, gingers, etc.). Because they are made of hydrated silica, phytoliths often preserve better than pollen, and can withstand dry conditions. Phytoliths are specifically applicable to studies of disturbance vegetation, since they are diagnostically specific for many weedy species that are not di¤erentiable in pollen assemblages (e.g., Kealhofer and Piperno 1994; Piperno and Pearsall 1998) .
Phytoliths are also often particularly useful for identifying evidence of burning in the landscape (for further discussion of burning regimes, see Kealhofer 2002) . Not only are carbonized particles preserved in some instances, as in pollen preparations, but also the phytoliths or silica bodies themselves often show burning (through blackening and melting). Because one can taxonomically di¤erentiate which phytoliths are burned and which are not, an analyst can often distinguish grass burning from tree burning (cool burns from hot burns). Patterning of burning through time can also be related to fire ecologies or land use (e.g. Grave and Kealhofer 1999; Kealhofer 1996b) .
Phytolith percentages are presented in Table 2 , based on sample counts of 200 phytoliths per sample. These percentages are graphically summarized in Figure 2 .
results: the environment of the malay peninsula
Late Pleistocene
The Lake Thalee Song Hong core provides our first direct evidence that the Pleistocene forests of this tropical region were mosaics of savanna/woodlands ( Table 1 ). The Pleistocene phytolith samples include abundant Panicoideae grasses and relatively few trees (Fig. 3) . Other taxa and the lack of preserved pollen suggest a seasonally dry lake basin. Burning was common during the late Pleistocene, as would be typical of a seasonal grassland/forest mosaic. The forest was fairly diverse with a range of Dipterocarpaceae, Moraceae, Ulmaceae, and Euphorbiaceae phytolith types. Interestingly, the maximum forest contraction dates to the eleventh millennium b.p. rather than the Last Glacial Maximum (18,000 b.p.), suggesting local dynamics at odds with global climatic patterns or hunter-gatherer resource management. The limited chronological resolution makes it di‰cult to di¤erentiate these.
The Early Holocene
By the early Holocene the vegetation changed dramatically. In general, as might be expected with rising sea levels and water tables, the forest expanded (arboreal group, Fig. 3 ). However, several anomalies are present. The most substantial evidence of disturbance and burning is in the early Holocene and after 6500 b.p. Both in the phytolith and in the pollen data, the high percentage of disturbance taxa (SRS [small rough spheres] in Figure 3 ,4 but also grasses from subfamilies such as Chloridoideae and Bambusoideae) and low-level evidence for burning, both of wood and of grasses (Fig. 4) , continue throughout the Holocene (see also Maloney 1999) . asian perspectives . 42 (1) . spring 2003
From the mid-seventh millennium b.p. evidence for disturbance increases, arboreal taxa change (Figs. 2, 5: MFP, VarSpheres), and economic plants appear. Disturbance, however, is apparently small scale, in the form of 'gaps' in the forest canopy filled with second growth forest taxa. Grasses virtually disappear from the sequence: very little sunlight was reaching the forest floor.
At the same time economic plants appear in the sequence. As is typical in environmental sequences even in agricultural regions, economic plant indicators are present in low frequencies (cf. Piperno and Pearsall 1998) . These economic plant phytoliths include a few palm types within the smaller size range of economic coconut species, Areca and Cocos, and bananas (Musa sp.; 5000 b.p.) c. 5000-6000 b.p. Rice phytoliths are present in very low numbers up until c. 4800 b.p. These rice phytoliths are a di¤erent species from the early Holocene (wild) rice taxa, and may include domesticated rice (Oryza sativa). Morphologically they fall within the O. rufipogon-sativa subgroup (Kealhofer n.d.) . Other, undiagnostic arboreal types mirror this complexity, with a variety of new forms appearing and disappearing throughout the section (Fig. 5) .
Burning intensifies in two phases, with grass burns increasing c. 3500 b.p. and a major peak in burned wood c. 2700 b.p. Dipterocarpaceae (the dominant forest trees) expansion is in fact at its greatest in the first millennium a.d., when historical evidence suggests expanding exchange networks and agricultural intensification in adjacent areas (Bellwood 1993 (Bellwood , 1997 Donner 1978) . At the same time, diversity among trees and shrubs decreases (Fig. 5) .
The Pollen Data
Maloney (1999) provides summary pollen data for the Nong Thalee Song Hong core. Pollen was only preserved in the sediments of the last 10,000 years, limiting his discussion to the Holocene. The charcoal record in the pollen data demonstrates a strong fire record throughout the Holocene (Maloney 1999 : 210) . Two general stories can be derived from the pollen data: evidence for forest disturbance and evidence for the cultivation of economic species (particularly arboreal taxa). For forest disturbance, two genera in particular are related to regrowth, often following anthropogenic disturbance: Macaranga and Mallotus. These taxa show up in significant frequencies in all but two samples from the core (c. 10,650 and 8600 b.p.). In addition, during the early Holocene (9600-8300 b.p.) and later mid-Holocene (c. 5500-4800 b.p.) several weeds associated with cultivation are present. For economic species, Areca (palm species ethnographically used with betel nut) first occurs at c. 10,300 b.p. and is more common from 6600-4000 b.p., as is Caryota (sugar palm). After 4000 b.p. there are significant changes in the record (major expansion of Dipterocarpaceae pollen), including the appearance of additional economic taxa, such as possible Piper (pepper), Artocarpus, and Garcinia (Maloney 1999 : 213) . Interestingly, Maloney notes the intermixed presence of forest trees and economic tree taxa, with intentional conservation of large trees, indirectly supporting the idea of arboriculture. Maloney concludes (1999 : 214, 216 ) that the vegetation was never stable in this small lake catchment, with evidence of both forest destruction and possible horticulture predating the midHolocene.
kealhofer . land use and forests of southern thailand Table 2 The pollen and phytolith data together provide a coherent and complementary picture of Holocene vegetation change (cf. Maloney 1999) . The pattern and timing of disturbance is the same for both pollen and phytoliths. Secondary regrowth taxa are found throughout the Holocene, with peaks in intensity in the middle Holocene, c. 6000-5500 b.p., and from 4000-3500 b.p. to present. kealhofer . land use and forests of southern thailand vanna and woodland, with open areas increasing through the LGM. As in areas considerably further north (Kealhofer 1996a; Kealhofer and Penny 1998; Penny 2001) , burning was common in this savanna/woodland landscape. The extent to which this burning was natural vs. cultural is unclear. Natural savanna/woodland (or seasonal tropical forest) fire regimes are not well documented, but burning is probably somewhat less common than in the better-documented chaparral where fires occur every 20-30 years (DeBano et al. 1998 : 201; Kau¤man and Uhl 1990) . The fire record (from burned phytoliths and silica in the phytolith samples) indicates frequent low-intensity fires, more suggestive of regular managed burns. Obviously, arguments about hunter-gatherers in the forest are not relevant in this relatively open environment (and elsewhere in Island Southeast Asia as others have noted, Endicott and Bellwood 1991) .
The formation of lowland rainforest is first apparent in the sequence from 11,000-9000 b.p.. The sequence provides evidence of ongoing burning and disturbance at the same time that tropical rainforest expands to its Holocene maximum. This pattern is unlikely to be a natural phenomenon (Fig. 4) . Studies of fire regimes in tropical rainforests suggest that natural fires occur once every 390-1500 years (DeBano et al. 1998 : 201; Kau¤man and Uhl 1990) , and that long return fires may be correlated with El Niñ o or ENSO (El Niñ o Southern Oscillation) related events and drought (Goldammer and Seibert 1990) . The higher frequency of fires in this sequence suggests that local groups may have worked to create or maintain open patches as the forest canopy closed. As landscape ecologists note, greater biodiversity is created with managed low levels of disturbance (Farina 1998; Forman 1995) . In tropical forests this diversity would have made economically useful plants more abundant and accessible. The increased arboreal diversity between ca. 8,000-4,000 b.p. (Fig. 5 ) supports an interpretation of forest management. asian perspectives . 42 (1) . spring 2003
Evidence of intensifying or diversifying land use appears in the phytolith record by the mid-seventh millennium b.p., and continues episodically until the present. The presence of economic species in the pollen sequence at this time supports this as well. This does not look like grain-based agriculture, as grasses virtually disappeared from the sequence. Rather, the increase in diversity appears to relate to a combination of intentional (cultivation) and unintentional human disturbance factors. Throughout the Holocene, the high percentage of disturbance taxa (SRS [small rough spheres] and some grass phytoliths, Mallotus and Macaranga pollen) and the continuing low-level evidence for burning (in both the pollen and phytolith sequences) of both wood and grasses, indicates that here, as elsewhere in Thailand, human land use shaped the local ecology (Kealhofer 1996a (Kealhofer , 1996b (Kealhofer , 2002 Kealhofer and Penny 1998; Kealhofer and Piperno 1994; Maloney 1999) .
Contemporary with the expansion of Holocene forests, archaeologists have documented a shift in lithic technology during the late Pleistocene-early Holocene (e.g., Anderson 1990; Gorman 1971) . This shift is apparent in early Holocene deposits at the nearby site of Lang Rongrien. The shift from flake assemblages to heavier core woodworking-type tools provides a measure of how much technological adaptation was required to accommodate the substantial changes in resource distribution and abundance as the rainforest spread.
How these changes relate to the beginnings of food production, distinct from the irreversible changes of agriculture (i.e., agroecosystem, Butzer 1996; Hutterer 1983; Worster 1990) , cannot yet be defined. More sequences and more detailed analyses are needed. However, one can speculate on the most likely form of early food production given the environmental data presented here. As discussed above, in other parts of Southeast Asia early food production has been suggested to be based on an arboreal economy (Gosden 1995; Latinis 2000) . Latinis (2000 : 56) summarized discussions of arboreal-based economies in Island Southeast Asia: ''The evidence . . . thus far . . . suggests that incipient arboreal based economies developed in the Late Pleistocene in the region encompassing Near Oceania, New Guinea and Wallacea.'' Environmental evidence from both Sumatra and New Guinea reveal rainforest disturbance by the ninth millennium b.p. (increase in pioneering Macaranga), possibly related to human activities (Flenley 1988; Newsome and Flenley 1988) .
This accumulated evidence highlights the frequently noted problem with categorizing subsistence behavior (Golson 1989; Gosden 1995; Harlan 1992; Harris 1989; Hutterer 1983) . While definitions of ''agriculture'' vary-from solely seedbased to more taxonomically inclusive (e.g., Golson 1989; Gosden 1995; Harris 1989 Harris , 1996 Price and Gebauer 1995) -these environmental and archaeological data suggest that groups in early Holocene tropical rainforests may have tailored arboriculture, horticulture, hunting, and gathering in a complex economy that could not be considered ''pure'' hunting and gathering . . . nor conventionally ''agricultural.'' Ethnographic data (e.g., Gri‰n 1985; Rambo 1985) also suggest that historically forest adaptations were flexible and fluid, mixing cultivation, hunting, and trading strategies.
At Lake Thalee Song Hong, the ongoing pattern of burning and disturbance and the rapid turnover in species from the beginning of the Holocene in both the pollen and phytolith records, suggests that a managed arboreal economy, at least, began early in the Holocene to be followed by arboriculture by the mid-Holocene (combination of economic species and disturbance 6000-5000 b.p.). The dynamic changes in the vegetation are somewhat surprising for the lowland humid tropics, which are traditionally seen as culturally conservative backwaters.
If we return to the archaeological issues highlighted above, the proposed chronological and cultural ''gap'' (c. 1000þ years) between the Hoabinhian sites and the later Neolithic sites is not evident in the environmental record. The period from 8000-6500 b.p. appears to be a period of rapid forest expansion, but disturbance taxa and burning are still present. The sharp break suggested for the beginning of the Neolithic-with colonization by northern groups-at c. 4000 b.p., is not the first evidence for cultivation in this sequence. Economic plants (e.g., palms, banana, rice) appear by 5000 b.p. in the phytolith record, and possibly significantly earlier in the pollen record. Clear evidence of agriculture-or significant landscape modification-a pattern associated with the later Austronesian ''expansion'' of the first millennium b.c.-is present (disturbance taxa and indicators of slash-and-burn agriculture increase sharply) by 4000 b.p. The timing of environmental change does not correlate with the linguistic data, nor with the limited evidence from Malaysian rockshelter sites (Bellwood 1997) . These data therefore suggest that the relationships between language and land use are more complicated than previously thought.
A major part of lowland Neolithic and specifically Austronesian subsistence is rice agriculture. If we look at the pattern of agriculture in the last 4000 years, there is limited evidence for rice cultivation in this area. While intensification occurs after 4000 b.p., it does not appear to be related to rice. The role of tree crops, and probably root crops (not directly revealed in the phytolith record), remains strong throughout the sequence (Maloney 1999) . Maloney does suggest the possibility that ''dry rice'' was cultivated in the hills around this small lake, but the very limited evidence of rice in the phytolith sequence seems to suggest this was uncommon if not unlikely (rice phytoliths are taxonomically identifiable, where rice pollen is not).
In both the Neotropics and the Old World tropics an increasing corpus of evidence suggests that early Holocene tropical forests, both seasonal and humid, were managed. In the Americas herbaceous plants appear to be the main focus of early Holocene groups-root crops and maize (Piperno and Pearsall 1998) . They argue that the seasonal tropics are the main focus of attention for lowland agriculture-and humid areas are marginal. In the humid tropics of Island Southeast Asia, however, there is evidence for long-term manipulation of plant species including arboriculture (Latinis 2000) . While climatic changes during the late Pleistocene and early Holocene clearly played a role in major shifts in adaptation in many parts of the world, the choices made created very di¤erent regional trajectories of economic and cultural change.
conclusions
The focus on the origins of rice agriculture has directed archaeologists away from the broader and often more interesting issues of how food strategies changed during and after the late Pleistocene. The management of places in the landscape to foster and concentrate economic resources is one critical strategy apparently used in both Island and Mainland Southeast Asia. asian perspectives . 42 (1) . spring 2003
Living in the tropical rainforest in southern Thailand during the Holocene appears to have involved attempts to manage the forest from its formation early in the Holocene. Depending on the definition of hunting and gathering used, this arboreal economy may well not have been a ''pure'' hunter-gatherer subsistence regime. Thus, for the early Holocene, in this tropical forest, aspects of Headland and Bailey's (1991) argument may be relevant.
The idea of a cultural and chronological gap between hunter-gatherer and expansionary agricultural groups is not supported by the environmental data. In addition, the transitions from one subsistence regime to another suggest a more complex, ongoing pattern of local and regional interaction rather than simple immigration.
The palaeo land-use data from Lake Thalee Song Hong, southern Thailand, provide not only the first late Pleistocene-Holocene environmental sequence for the Malay Peninsula, but also a regional contribution to understanding how people managed tropical rainforests during the Holocene. As is increasingly the case in the tropics, the palaeoenvironmental data provide a broad-based picture of a substantially earlier development of ancient subsistence regimes than indicated in site-based archaeology. These preliminary data for one area of southern Thailand, while providing new insights, underline the need for more systematic and intensive investigations of environmental (pre)history in Southeast Asia. 
